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(54) METHOD AND EQUIPMENT FOR FORMING PATTERN 

(57)Abstract: 

PURPOSE: To enhance uniformity in the tune width of resist by 
connecting a developer in-line with a resist line width measuring unit 
through a controller and performing the feedback control of the 
ambient temperature and the like of a developer based on the 
measurement data of the line width of resist. 
CONSTITUTION: The pattern forming unit 10 comprises a resist 
coater 12, a prebake unit 14, an exposing unit 16, a developer 18, a 
post-bake unit 20 and a resist line width measuring unit 22 
connected in-line. The data feedback system from the resist line 
width measuring unit 22 is provided with a developing condition 
controller 24 which determines optimal conditions for at least one of 
the ambient temperature, the ambient humidity, the developer 
temperature and the developer concentration based on a resist line 
width data measured by time measuring unit 22 and performs 
feedback control of the developer 18 under the optimal conditions thus determined. It may seen that a 
problem is present within the post-bake unit 20 or during development, but no problem is actually present 
because an abrupt fluctuation seldom takes place. 

* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]In a method of forming a pattern on a wafer with photolithography technique, In-line connection of 
the resist coater is made via a control device at a resist line-width-measurement device, Based on resist 
line-width-measurement data measured with a resist line-width-measurement device, Wafer turnover time 
of a resist coater, spreading ambient temperature, spreading atmosphere humidity, A pattern formation 
method carrying out feedback control of the resist coater by an optimal condition searched for about at 
least one of resist temperature and wafer temperature, and stabilizing resist line width by it. 
[Claim 2]In a method of forming a pattern on a wafer with photolithography technique, In-line connection of 
the developer is made via a control device at a resist line-width-measurement device, Based on resist 
line-width-measurement data measured with a resist line-width-measurement device, A pattern formation 
method carrying out feedback control of the developer by an optimal condition searched for about at least 
one of development ambient temperature of a developer, development atmosphere humidity, developing 
solution temperature, and developing solution concentration, and stabilizing resist line width by it. 
[Claim 3]In a method of forming a pattern on a wafer with photolithography technique, In-line connection of 
the prebaking device is made via a control device at a resist line-width-measurement device, Based on 
resist line-width-measurement data measured with a resist line-width-measurement device, A pattern 
formation method carrying out feedback control of the prebaking device by an optimal condition searched 
for about at least one of cooking time of a prebaking device, and cooking temperature, and stabilizing resist 
line width by it. 

[Claim 4]In a method of forming a pattern on a wafer with photolithography technique, In-line connection of 
the PEB treatment device is made via a control device at a resist line-width-measurement device, Based 
on resist line-width-measurement data measured with a resist line-width-measurement device, A pattern 
formation method carrying out feedback control of the PEB device by an optimal condition searched for 
about at least one of cooking time of a PEB treatment device, and cooking temperature, and stabilizing 
resist line width by it. 

[Claim 5]A pattern formation method given in any 1 paragraph of the claims 1-4 measuring line width 
distribution of one radial direction of a wafer, and considering it as said measurement data about line width 
distribution of this entire wafer surface by this line width distribution. 

[Claim 6]In a device which forms a pattern on a wafer with photolithography technique, In-line connection of 
the resist coater is made via a control device at a resist line-width-measurement device, Said control 
device based on resist line-width-measurement data measured with a resist line-width-measurement 
device, A pattern formation device carrying out feedback control of the resist coater by an optimal 
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condition searched for about at least one of wafer turnover time of a resist coater, spreading ambient 
temperature, spreading atmosphere humidity, resist temperature, and wafer temperature. 
[Claim 7]In a device which forms a pattern on a wafer with photolithography technique, In-line connection of 
the developer is made via a control device at a resist line-width-measurement device, Said control device 
based on resist line-width-measurement data measured with a resist line-width-measurement device, A 
pattern formation device carrying out feedback control of the developer by an optimal condition searched 
for about at least one of development ambient temperature of a developer, development atmosphere 
humidity, developing solution temperature, and developing solution concentration. 

[Claim 8]In a device which forms a pattern on a wafer with photolithography technique, In-line connection of 
the prebaking device is made via a control device at a resist line-width-measurement device, A pattern 
formation device, wherein said control device carries out feedback control of the prebaking device based on 
resist line-width-measurement data measured with a resist line-width-measurement device by an optimal 
condition searched for about at least one of cooking time of a prebaking device, and cooking temperature. 
[Claim 9]In a device which forms a pattern on a wafer with photolithography technique, In-line connection of 
the PEB treatment device is made via a control device at a resist line-width-measurement device, A 
pattern formation device, wherein said control device carries out feedback control of the PEB treatment 
device based on resist line-width-measurement data measured with a resist line-width-measurement 
device by an optimal condition searched for about at least one of cooking time of a PEB treatment device, 
and cooking temperature. 

[Claim 10]A pattern formation device, wherein these devices are arranged in a device which forms a pattern 
on a wafer with photolithography technique so that a wafer may be fed in order of a resist coater, an 
exposure device, a developer, a resist line-width-measurement device, and a postbake device. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]In this invention, it is related with the method of forming a required pattern on a wafer 
in the manufacturing process of a semiconductor device using photolithography technique, and its device. 
Therefore, it is related with the pattern formation method which can control the line width variation of 
photoresist and can raise line width uniformity more particularly, and its device. 

[0002] 

[Description of the Prior Art]In recent years, the minuteness making of a semiconductor device progresses 
and high-precision pattern formation art is needed in connection with it. Generally, the pattern line width in 
a pattern formation process or the precision prescribe about resist line width uniformity is high accuracy 
called **10% of design rules (geometric designing rule). For example, in a design rule 0.35micrometer 
semiconductor device (very large scale integration), the accuracy of **0.035 micrometers is indispensable. 
However, in manufacture of a semiconductor device, it is fairly [ actually / from the reason for / production 
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technology ] difficult to maintain this accuracy regularly. 

[0003]To the cause, i.e., the factor which fluctuates resist line width, by which this accuracy is 
unmaintainable. Mainly, 1) The variation in the rate of a light reflex of variation 7 substrate of variation 6 
etching of the line width of change 5 photo mask (reticle) by the optical factor and the mechanical factor of 
change 4 exposure device of change 3 resist material of the characteristic. [ of resist thickness ] [ of 
change 2 resist developing velocity ] (Variation in oxide film thickness) 

8) Although the level difference by a substrate pattern, etc. can be mentioned, in a photolithography process, 
the inside 1-4 of the above-mentioned factor becomes a factor which fluctuates resist line width. 
[0004]Then, the item of 1-4 is explained further. 

1) Change the change resist thickness of resist thickness by change of resist application conditions, for 
example, spreading ambient temperature, spreading atmosphere humidity, wafer number of rotations, 
turnover time, etc. If resist thickness changes with change of these resist application conditions, the resist 
line width after development will change. Drawing 7 is a graph which shows this relation, and resist thickness 
is taken along a horizontal axis and it has taken resist line width along the vertical axis. Generally, resist line 
width becomes so thick that resist thickness is thick (bulk effect), and it changes with interference of 
exposing light and the catoptric light from a substrate with a certain amplitude like drawing 7 further 
(standing wave effect). Since the influence of this standing wave effect is great, a 0.35-micrometer design 
rule requires **2.3-nm thickness uniformity. 

[0005]2) Since the change developing quantity of resist developing velocity is controlled by developing time 
under assumption with developing velocity regularity, change of developing velocity causes change of resist 
line width directly. Change of developing velocity is produced with a light exposure, prebaking temperature, 
PEB (Post Exporsure Bake) temperature, developing solution temperature, etc. 

3) The characteristic of the change resist material of the characteristic of a resist material is a rate of 
sensitivity, viscosity, a sensitizing agent, resin, and a solvent, etc., and these change causes a resist line 
width variation. However, the actual condition is depending for control of these change on a quality control 
of a resist maker. 

4) The illumination of the change lighting meter by the optical factor of an exposure device and a mechanical 
factor and change of the distribution, change of an addition exposure meter, focus fluctuation, etc. can be 
considered. However, it cannot but depend for control of change by these factors on a quality control of an 
exposure device maker. 

[0006]As mentioned above, although the change factor of resist line width was miscellaneous in large 
numbers, in stabilizing resist line width conventionally, it was going to control these factors independently 
respectively. However, in the way controlled separately, the limit of control of resist line width is according 
to a factor. The reason has the synthetic total amount of change of resist line width in being expressed with 
the root mean square of the amount of line width variations by each factor, for example, the change factor 
of resist line width — A, B, C, D, and E — a large number as .. each of the control limit — a, b, c, d, and e — 
if it is .., the synthetic total amount of line width variations and R are expressed with the following formula. 
If the number of R=(a 2 +b 2 +c 2 +d 2 +e 2 + ..) I/2 , therefore change factors increases, the indeed synthetic amount 
of line width variations will become large, and even if it controls each change factor strictly, it is it 
ineffective arising so much. 
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[0007]On the other hand, in order to raise the degree of location of LSI, the work process of the wafer 
requires much more detailed pattern formation. In order to respond to this, the art is developed, and it is 
becoming complicated simultaneously, for example, art, such as PEB, CEL, and ARC, is applied. 

1) With PEB(Post Exposure Bake) PEB. In order to reduce modification of the resist pattern (resist 
side-attachment-wall shape) by the standing wave effect at the time of exposing with single wavelength 
light, it is the processing which stimulates diffusion of a sensitizing agent and obtains an improvement of 
resist shape by heating after exposure by the thing of the baking powder performed before after-exposure 
development. 

2) CELCEL is processing for forming material with photofading nature on resist, and raising contrast. 

3) ARC (antireflection film) 

ARC is for stopping the light reflex from a substrate and suppressing the line width change by a standing 
wave. Thus, although detailed resist pattern formation was attained by introducing an advanced process, the 
photolithography process became complicated as a result. 
[0008] 

[Problem(s) to be Solved by the InventionjSaying as mentioned above that the processing process of the 
wafer became complicated, in order to attain detailed pattern formation has brought a result said that the 
change factor increased from a viewpoint of stable control of resist line width conversely. By the way, even 
if it is going to suppress a line width variation by improving the controllability of each process, as mentioned 
above, it is very difficult [ it ] technically to suppress a synthetic line width variation. For example, although 
the width of the temperature control of oven was **0.2 ** from **0.5 ** more strictly and stabilization of 
resist line width was tried, synthetic line width uniformity does not improve to about 

0.035micrometer**0.004micrometer, and it cannot be said to be a satisfactory result. In order to obtain a 
detailed pattern, if a process becomes complicated, so much, a line width variation factor will increase, and 
the amount of line width variations synthetic as mentioned above will become large, but this is because it is 
difficult to make small the amount of synthetic line width variations even if it controls each factor strictly 
individually. 

[0009]Then, in performing pattern formation detailed to a wafer with the application of a complicated 
photolithography process, the purpose of this invention is to provide the pattern formation method which 
can raise synthetic resist line width uniformity, and is providing the device which enforces the method. 
[0010] 

[Means for Solving the Problem]Although it is because a process became complicated and a line width 
variation factor of became [ a synthetic line width variation / large ] increased, also logically and technically, 
raising the controllability of each process of this process and aiming at line width uniformity synthetic 
improvement as mentioned above, has a limit. Then, this invention person feeds back measurement data of 
resist line width to a processing unit, perceives controlling a synthetic line width variation by adjusting a 
processing condition of this process unit based on the data, and came to complete this invention. 
[001 1]To achieve the above objects, a pattern formation method by photolithography technique concerning 
this invention, In-line connection of the resist coater is made via a control device at a resist 
line-width-measurement device, Based on resist line-width-measurement data measured with a resist 
line-width-measurement device, Feedback control of the resist coater is carried out by an optimal condition 
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searched for about at least one of wafer turnover time of a resist coater, spreading ambient temperature, 
spreading atmosphere humidity, resist temperature, and wafer temperature, and it is characterized by 
stabilizing resist line width by it. It says being connected so that in-line connection may mean automatically 
carry of data and received data may be immediately processed on these specifications, and it also contains 
that automatically carry of the wafer is further carried out between each device. 
[001 2]Another pattern formation method concerning this invention makes in-line connection of the 
developer via a control device at a resist line-width-measurement device, Based on resist 
line-width-measurement data measured with a resist line-width-measurement device, Feedback control of 
the developer is carried out by an optimal condition searched for about at least one of development ambient 
temperature of a developer, development atmosphere humidity, developing solution temperature, and 
developing solution concentration, and it is characterized by stabilizing resist line width by it. 
[001 3] Furthermore it starts this invention, another pattern formation method makes in-line connection of 
the prebaking device via a control device at a resist line-width-measurement device, Based on resist 
line-width-measurement data measured with a resist line-width-measurement device, feedback control of 
the prebaking device is carried out by an optimal condition searched for about at least one of cooking time 
of a prebaking device, and cooking temperature, and it is characterized by stabilizing resist line width by it. 
[001 4] Furthermore it starts this invention, another pattern formation method makes in-line connection of 
the PEB treatment device via a control device at a resist line-width-measurement device, Based on resist 
line-width-measurement data measured with a resist line-width-measurement device, feedback control of 
the PEB device is carried out by an optimal condition searched for about at least one of cooking time of a 
PEB treatment device, and cooking temperature, and it is characterized by stabilizing resist line width by it. 
[0015]In a desirable embodiment of above-mentioned this invention, line width distribution of one radial 
direction of a wafer is measured, and it is characterized by considering it as said measurement data about 
line width distribution of this entire wafer surface by this line width distribution. Thereby, time which resist 
line width measurement by a resist line-width-measurement device takes can be shortened. 
[001 6]A pattern formation device by photolithography technique concerning this invention for enforcing this 
invention method, In-line connection of the resist coater is made via a control device at a resist 
line-width-measurement device, Said control device based on resist line-width-measurement data 
measured with a resist line-width-measurement device, It is characterized by carrying out feedback control 
of the resist coater by an optimal condition searched for about at least one of wafer turnover time of a 
resist coater, spreading ambient temperature, spreading atmosphere humidity, resist temperature, and wafer 
temperature. 

[0017]As for another device concerning this invention, in-line connection of the developer is made via a 
control device at a resist line-width-measurement device, Said control device is characterized by carrying 
out feedback control of the developer based on resist line-width-measurement data measured with a resist 
line-width-measurement device by an optimal condition searched for about at least one of development 
ambient temperature of a developer, development atmosphere humidity, developing solution temperature, 
and developing solution concentration. 

[001 8] Furthermore it starts this invention, as for another device, in-line connection of the prebaking device 
is made via a control device at a resist line-width-measurement device, Said control device is characterized 
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by carrying out feedback control of the prebaking device based on resist line-width-measurement data 
measured with a resist line-width-measurement device by an optimal condition attached and searched for 
about at least one of cooking time of a prebaking device, and cooking temperature. 

[001 9] Furthermore it starts this invention, as for another device, in-line connection of the PEB treatment 
device is made via a control device at a resist line-width-measurement device, Said control device is 
characterized by carrying out feedback control of the PEB treatment device based on resist 
line-width-measurement data measured with a resist line-width-measurement device by an optimal 
condition searched for about at least one of cooking time of a PEB treatment device, and cooking 
temperature. 

[0020] Furthermore it starts this invention, another device is characterized by arranging these devices so 
that a wafer may be fed in order of a resist coater, an exposure device, a developer, a resist 
line-width-measurement device, and a postbake device. 
[0021] 

[Function]The line width of the wafer which process treatment ended is measured with a resist 
line-width-measurement device, and the synthetic amount of line width variations is calculated. When this 
synthetic amount of change is fed back to a process unit and the amount of change adjusts the processing 
condition of this process unit in the direction which becomes small, the synthetic amount of line width 
variations can be made small. 

[0022]The relation between resist thickness and line width is as having been shown in drawing 7 . Usually, 
resist is set as the thickness conditions which become the lowest [ sensitivity ] (it becomes thick [ line 
width ]). This is to prevent a short circuit, as line width becomes thin, even if it changes thickness. 
There is an effect which makes a focus and an exposure latitude large. 

Since in the invention of claim 1 thickness is adjusted positively and line width is controlled, thickness 
conditions are set to the middle point of a standing wave, and drawing 7 (b) or (d). When thickness 
conditions are set as drawing 7 (b), resist thickness becomes thin, so that the turnover time of a wafer is 
long at the time of a resist application, and line width becomes thin. Therefore, if line width is thicker than a 
preset value as a result of measurement, for example, resist thickness can be made thin and line width can 
be made to approach a preset value by it by lengthening the turnover time at the time of a resist application. 
[0023] Resist thickness becomes thick, so that the spreading ambient temperature at the time of a resist 
application is high, and line width becomes thick. That is because resist viscosity becomes high by 
evaporation of the resist solvent under spreading more than the resist viscosity down by a rise in heat. 
Therefore, if line width is thicker than a preset value as a result of measurement, resist thickness can be 
made thin and line width can be made to approach a preset value by it by making low temperature at the 
time of a resist application, for example. Resist thickness becomes thin, so that the spreading atmosphere 
humidity at the time of a resist application is high, and line width becomes thin. Therefore, if line width is 
thicker than a preset value as a result of measurement, resist thickness can be made thin and line width can 
be made to approach a preset value by it by making high humidity at the time of a resist application, for 
example. It is more practical to adjust turnover time, when it is difficult to change temperature or humidity 
with rapidly sufficient accuracy. 

[0024]Generally line width becomes thin, so that developing solution temperature is low. Therefore, if line 
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width is thicker than a preset value, line width can be made to approach a preset value by making developing 
solution temperature low in the invention of claim 2 as a result of measurement. 

[0025]If prebaking time is lengthened as shown in drawing 8 , sensitivity of resist will fall and line width will 
become thick. Therefore, if line width is thicker than a preset value as a result of measurement, for example, 
line width can be made to approach a preset value by shortening prebaking time in the invention of claim 3. 
If prebaking temperature is raised, sensitivity of resist will fall and line width will become thick. Therefore, if 
line width is thicker than a preset value as a result of measurement, line width can be made to approach a 
preset value by lowering prebaking temperature, for example by the invention of claim 3 similarly. However, 
it is more practical to adjust time, when it is difficult to change prebaking temperature with rapidly sufficient 
accuracy. 

[0026]l_ine width will become thin, if PEB time is lengthened as shown in drawing 9. Therefore, if line width is 
thicker than a preset value as a result of measurement, line width can be made to approach a preset value 
by lengthening PEB time, for example in the invention of claim 4. 

[0027]In order to carry out feedback control effectively, in-line connection of process processors and the 
resist line-width-measurement device is made. By becoming in-line, it is because process processors can 
adjust a processing condition automatically based on the data from a measuring device and processing can 
be advanced. 

[0028]Generally line width distribution is the symmetry of revolution centering on the center of a wafer. 
Resist application processing and a development have had the largest influence on line width distribution, 
and it is because they are performed these processings rotating a wafer. Therefore, it can be made to 
represent by measuring line width distribution of one radial direction of a wafer as measurement data about 
line width distribution of an entire wafer surface. 
[0029] 

[Example] Hereafter, with reference to an accompanying drawing, this invention is explained more to details 
based on an example. 

Example 1 drawing 1 is a flow chart which shows the composition of Example 1 of the device for enforcing 
the pattern formation method by the photolithography technique concerning this invention. In this example, 
as shown in drawing 1 , the pattern formation device 10 is provided with the resist coater 12, the prebaking 
device 14, the exposure device 16, the developer 18, the postbake device 20, and the resist 
line-width-measurement machine 22, and in-line connection of them is made in this order. To the feedback 
system of the data from the resist line-width-measurement machine 22. Feedback control of the developer 
18 is carried out by the optimal condition which the developing condition control device 24 is formed, and 
deduced the optimal condition from the resist line width data measured with the resist 
line-width-measurement machine 22 about at least one of ambient temperature, atmosphere humidity, 
developing solution temperature, and the developing solution concentration, and also was deduced. 
[0030]Operation is explained below. 

1) A wafer is processed more one by one with the resist coater 12, the prebaking device 14, the exposure 
device 16, the developer 18, and the postbake device 20, and line width is measured with the 
line-width-measurement machine 22. 

2) The measurement data is sent to the developing condition control device 24. 
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3) The developing condition control device 24 computes the optimal condition based on 
line-width-measurement data about at least one of ambient temperature, atmosphere humidity, developing 
solution temperature, and the developing solution concentration, and controls the developer 18 by the 
condition. 

[0031]In this example, since a total of 2 s, the thing in the postbake device 20 and the thing in development, 
exists as a wafer which does not require feedback, it seems that there is a problem referred to as being 
unable to respond in rapid change generated in less than 2 s of wafer processings, but. Since generating of 
this rapid change is rare, it does not pose a problem actually. By this example, it is the resist for excimers. 
When WKR-PT1 (made by Wako Pure Chem) was processed, as for the line width variation, 
0.35micrometer**0.02micrometer was obtained. 

[0032] Example 2 drawing 2 is a flow chart which shows the composition of Example 2 of the device for 
enforcing the pattern formation method by the photolithography technique concerning this invention. In this 
example, as shown in drawing 2 , the pattern formation device 40 is provided with the resist coater 12, the 
prebaking device 14, the exposure device 16, the developer 18, the line-width-measurement machine 22, 
and the postbake device 20, and in-line connection of them is made in this order. To the feedback system of 
the data from the line-width-measurement machine 22. The developing condition optimal from the resist 
line width data which the developing condition control device 24 is formed and was measured with the resist 
line-width-measurement machine 22, That is, feedback control of the developer 18 is carried out by the 
optimal developing condition which deduced the optimal developing condition about at least one of ambient 
temperature, atmosphere humidity, developing solution temperature, and the developing solution 
concentration, and also was deduced. 
[0033]Next, operation is explained. 

1) A wafer is processed more one by one with the resist coater 12, the prebaking device 14, the exposure 
device 16, and the developer 18, and resist line width is measured with the line-width-measurement 
machine 22. Then, a wafer is sent to the postbake device 20. 

2) The measurement data is sent to the developing condition control device 24. 

3) The developing condition control device 24 computes the optimal condition based on 
line-width-measurement data about at least one of the optimal developing condition, i.e., ambient 
temperature, atmosphere humidity, developing solution temperature, and the developing solution 
concentration, and controls the developer 18 by the optimal condition. In this example, the 
line-width-measurement machine 22 is formed immediately after the developer 18. Therefore, the wafer 
which feedback does not require has only 1 s. Therefore, it has an advantage referred to as being able to 
respond also to a rapid line width variation. It is the resist for excimers by this example. When WKR-PT1 
(made by Wako Pure Chem) was processed, as for the line width variation, 
0.35micrometer**0.015micrometer was obtained. 

[0034] Example 3 drawing 3 is a flow chart which shows the composition of Example 3 of the device for 
enforcing the pattern formation method by the photolithography technique concerning this invention. In this 
example, as shown in drawing 3 , the pattern formation device 50 is provided with the resist coater 12, the 
prebaking device 14, the exposure device 16, the developer 18, the line-width-measurement machine 22, 
and the postbake device 20, and in-line connection of them is made in this order. To the feedback system of 
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the data from the line-width-measurement machine 22.The conditions for the resist thickness control 
device 26 being formed and obtaining the optimal resist thickness from measurement data, That is, the 
optimal condition is deduced about at least one of wafer turnover time, spreading ambient temperature, 
spreading atmosphere humidity, resist temperature, and wafer temperature, and feedback control of the 
resist coater 12 is carried out on the condition. 
[0035]Operation is explained below. 

1) A wafer is processed more one by one with the resist coater 12, the prebaking device 14, the exposure 
device 16, and the developer 18, and resist line width is measured with the line-width-measurement 
machine 22. A wafer is sent to the postbake device 20 after that. 

2) The measurement data is sent to the resist thickness control device 26. 

The resist thickness control device 26 based on line-width-measurement data 3) The optimal resist 
conditions, That is, the optimal condition is computed about at least one of the wafer turnover time of the 
resist coater 12, ambient temperature, atmosphere humidity, resist temperature, and the wafer temperature, 
and feedback control of the resist coater 12 is carried out by the optimal condition. 
[0036]In this example, there are 3 s of wafers which feedback does not require between the 
line-width-measurement machine 22 and the resist coater 12. Therefore, it can respond to the line width 
variation to which the processing time for three wafers is applied and which happens. It is the resist for 
excimers by this example. When WKR-PT1 (made by Wako Pure Chem) was processed, as for the line width 
variation, 0.35micrometer**0.015micrometer was obtained. 

[0037] Example 4 drawing 4 is a flow chart which shows the composition of Example 4 of the device for 
enforcing the pattern formation method by the photolithography technique concerning this invention. In this 
example, as shown in drawing 4 , the pattern formation device 60 is provided with the resist coater 12, the 
prebaking device 14, the exposure device 16, the developer 18, the line-width-measurement machine 22, 
and the postbake device 20, and in-line connection of them is made in this order. To the feedback system of 
the measurement data from the line-width-measurement machine 22. The prebaking control device 28 is 
formed, the optimal condition is deduced from measurement data about at least one of the optimal 
prebaking conditions, i.e., cooking time, and the cooking temperature, and feedback control of the prebaking 
device 14 is carried out by the optimal condition. 
[0038]Operation is explained below. 

1) A wafer is processed more one by one with the resist coater 12, the prebaking device 14, the exposure 
device 16, and the developer 18, and resist line width is measured with the line-width-measurement 
machine 22. A wafer is sent to the postbake device 20 after that. 

2) Line-width-measurement data is sent to the prebaking control device 28. 

3) The prebaking control device 28 computes the optimal prebaking conditions based on 
line-width-measurement data, and controls the cooking time of the prebaking device 14, cooking 
temperature, or its both sides. Although there are two wafers which feedback does not require between the 
line-width-measurement machine 22 and the prebaking device 14 in this example, since the line width 
change to a prebaking temporal change is loose, the detailed control of it is attained. It is the resist for 
excimers by this example. When WKR-PT1 (made by Wako Pure Chem) was processed, as for the line width 
variation, 0.35micrometer**0.020micrometer was obtained. 
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[0039] Example 5 drawing 5 is a flow chart which shows the composition of Example 5 of the device for 
enforcing the pattern formation method by the photolithography technique concerning this invention. In this 
example, as shown in drawing 5 , the pattern formation device 70 is provided with the resist coater 12, the 
prebaking device 14, the exposure device 16, PEB device 30, the developer 18, the line-width-measurement 
machine 22, and the postbake device 20, and in-line connection of them is made in this order. To the 
feedback system of the measurement data from the line-width-measurement machine 22. The PEB control 
device 32 is formed, the optimal condition is deduced from measurement data about at least one of the 
optimal PEB conditions, i.e., cooking time, and the cooking temperature, and feedback control of PEB device 
30 is carried out by the optimal condition. 
[0040]Operation is explained below. 

1) A wafer is processed more one by one with the resist coater 12, the prebaking device 14, the exposure 
device 16, and the developer 18, and resist line width is measured with the line-width-measurement 
machine 22. Then, a wafer is sent to the postbake device 20. 

2) Line-width-measurement data is sent to the PEB control device 32. 

3) The PEB control device 32 computes the optimal PEB conditions based on line-width-measurement data, 
and controls the time of PEB device 30. Here, in this example, cooking time, cooking temperature, or its both 
sides are set up as optimal PEB conditions. Although there are two wafers which feedback does not require 
between the line-width-measurement machine 22 and the PEB control device 14 in this example, since the 
line width change to a prebaking temporal change is loose, the detailed control of it is attained. It is the 
resist for excimers by this example. When WKR-PT1 (made by Wako Pure Chem) was processed, as for the 
line width variation, 0.35micrometer**0.020micrometer was obtained. 

[0041]It is also possible to control line width by temperature in Examples 1-5. However, it may not be 
practical to control temperature with rapidly sufficient accuracy generally. 

[0042]It is a key map which example 6 drawing 6 (a) makes the center of a wafer the point of symmetry, and 
illustrates that line width distribution of resist line width is the symmetry of revolution, and drawing 6 (b) is 
a key map explaining the line width distribution to represent. As shown in drawing 6 (b), since line width 
distribution of resist line width is the symmetry of revolution, it can measure line width distribution of one 
radial direction of a wafer, and can represent line width distribution of this entire wafer surface with this 
data. According to this method, since measuring time is completed in a little more than 1 minute, 
measurement does not carry out rate-limiting [ of the wafer processing ]. 
[0043] 

[Effect of the Invention] According to this invention method given in claims 1-5, measure the line width 
uniformity of the wafer which process treatment ended with a resist line-width-measurement device, and 
the synthetic amount of line width variations is calculated, When this synthetic amount of change is fed 
back to a process unit and the amount of change adjusts the processing condition of this process unit in the 
direction which becomes small, the synthetic amount of line width variations is made small. Also when 
performing detailed pattern formation to a wafer with the application of a complicated process by applying 
this invention method compared with the control according to change factor of the resist line width of 1 
former, synthetic line width uniformity can be raised. 

2) Since it can respond promptly synthetically to many various resist line width variation factors, a resist 
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line width variation can be suppressed to the minimum. 

3) Since it becomes possible to make comparatively loose control stringency of the control device of each 
process process, the expense which a control device takes is mitigable. According to this invention device 
given in claims 6-1 0, it is constituted so that the pattern formation method concerning this invention can be 
enforced easily. 



[Translation done.] 
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1 2, XU^-f^SMi 4, SDtSBi 6, ilftSBi 
8, HipgS«2 2Rtf^XF^-r^S«2 O^ff^T 

MtC SfeMS«2 2^?>©?fflSf : -^©7^-FVVy 

^^tca, xy^-r^f|ij@p«M2 8W5wk, 
sijSx-^^e>§ji7°y^^*ff, sp^Miifp»ff 

fflU ^©g»*#T7°y^^««l 4^7^-F^ 

[0038] -D^im^mmt^o 

1) 7iA-tti/i;xhifli8li 2, 7y-<-f7SM 

1 4, «)t^Bl 6, «S«1 8W±0HS 
n> »S?fflSa2 2T-L-i>'XhS^^?MS^tlSo ^© 

2 ) etgrfflSx- 2 a 7° y ^-r * mssb 2 8 6 n 

So 

3) 7°y-^fMWSB2 8a»g?MSx-^^stii 
S7°y^^*ff^wttiL, xy^^sai 4©*i» 
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h wkr-pti (.rnmmw) itmmLrctczm 

ifg^MaO. 3 5fim±0. 0 2 0 /j.m^f#Stl/Co 
[0 0 3 9] HgBM 5 

^-yffM7^ffi^*-rs/ci6«gM©^»iJ 5 ©SfiSc 
^t7n-ft-hT*S„ #H#SMT«, B5lOTx 10 

t«fc5^ ;^-yfsE8i7 0(i, i^xF^SB 

1 2, 7°y^^S«l 4, «7t««l 6, PEBSH 
3 0, JiftSMl 8, »S?MSS2 2M*Xh^^ 
S«2 OfcffifcTfctK ^-tlS^CWIII^TYy^-O 
SSRSftTVSo IE, »MM£«2 2fr£©M£r f - 
£©7^-hVVy^&C«, P E BfWfPSfi3 2*^tt 

stiTt^T, riKx-^^bUjiP e B^ff, bp^M* 

fr^fiJDfflL, *Oli^ff7?PEBSl3 0*7^- 
K^y^WWrSo 20 

[0040] -o&cwitt*mmt&<, 

1) 7x^-«, U-7XMfill 2, 7°'J<Y7g 

■ i4, jDtsui 6, mmmi s-vnm^ums 
n, »sMS«2 2T*i/^Mfa«?ng„ ^© 

2) »S?j?iJ£r-?«, P E B$ifflS«3 2lcM?»n 

So 

3) P E BM«SB3 2 HfeWSr-^^S^jB 
PEB*ff^ffflU PEBgB3 0©H?H*ffl»'r 

5„ *H»J?-ti:, 1IPE B^fftLTliDi 30 

MT-a»g?fflSa2 2 t P E BMffllSB 1 4 ©R8£, 7 
^-hVVy^©frfr&&^7x^-^2|fci&;£7b\ 7°'J 

v-'xh wkr-pti mytmmw) zwmLTctc. 

5, aiitliO. 35fim±0. 0 2 0fimtfff6ft 

/Co 

[0 0 4 1] 1 ~ 5 Kfe^TigfifCkoTlitfi* 

MfPfSiltfe^TfeSo LfrL, -iS^SS^ffl 40 

[0 0 4 2] HgBM 6 

06 (a) (WiA-OtfiMMtetLT, I/->*Xh 

t&d, 06 (b) mxm^^^mm^^mmt^m 

^0T$g„ 06 (b) K&tZSK, l/-77Efig€) 

©»s^£we u Mr-^§feoTi7iv 

nif. as^H^i^-e^T-rs^fe, »7xa 50 



[0 0 4 3] 

1 6 5 tiEfEO*^^^t«t 
ftfcf > 7°n tXH«T L/£7 x/N-©S*s±£)-tt* 

d©Sg^a^»«^7°n-bxS«t7^- 
F^-y 7 L, M7°n-bxSM©$aa^ff^^»)«AVjNS 

< as^^tuief s c t ic «t K&g-fitf&i&aiiTO&s 

1) «©l^S>'Xh^@©^»B0BiJ$ffltfct<T, ffl 
*t47°n-bX*)SfflLT7x^-tWffla/^-yffM 

2 ) ^S©«« * P ^X F »8l£»gH«f LTfli^ 

3 ) §«©7°n-bXXg©H5iJ««©M«^®14^fct« 
WH^ frt f £ d t nj&l t ft 5 © T\ MfflJSWc gf 

zifflWtscM^ts. !i*ia6^e, 1 otte 
[0ffi©ffi#%iM 

[01] ^KJcfiRS/^-y^^^fififS^ft 
©SB©j|fi£#iJ l ©I^/TNt7n-ft-hTfeS 0 

[02] *mm% y^m-nwtmmt s £ » 
©s«© mm 2 ©*$*^t 7 p -f- -v - f 7?* 5 o 
[03] s / ^ - yffM7a m^mmt s ^ » 

©SB©HSSM 3 ©«fiSc^^"T 7n-f+-h^S 0 
[04] ^KJcfiSS/^-y^^^fifSfS^fe 
©gB©H^M4©«fiSc^^-r7n-^^-h7?feS 0 

[05] *mnw% - y^^^sfs-r s » 

©«i« v }©^ if fM i) ©^Sc^/j<1-/rJ— r-A'- 
[0 6] 0 6 (a) li')xA-Ol/7XHtS©ltS / 7) 

ttmmzm&m, 06 (b) 
[07] u >>'x h Biff 1 ^ x h Sits t ©n^^f ^ 

77?£5„ 

[08] 7° y ^ ^ t Ui^X h Wm £OM&Z*t 
^77T$S„ 

[09] P E BB^tl-^XhS^tCli^^-r^^ 
7T-fe«o 

M©iiH^] 

l 0, 4 0, 5 0, 6 0, 7 0 /^-7Mil«- 

12 U-7XHAJ81 
1 4 7'J^y«l 

1 e mmm 
1 8 immw 

20 *xh^^81 
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